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Statement of Disclaimer 
 
This project report is a result of a class assignment; it has been graded and accepted as 
fulfillment of the course requirements. Acceptance of this report in fulfillment of the course 
requirements does not imply technical accuracy or reliability. Any use of information in this 
report is done at the risk of the user. These risks may include, but may not be limited to, 
catastrophic failure of the device or infringement of patent or copyright laws. California 
Polytechnic State University at San Luis Obispo and its staff cannot be held liable for any use or 
misuse of the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fire Protection Analysis of a Fresno Elementary School  Page ii 
 
 
TABLE OF CONTENTS 
EXECUTIVE SUMMARY         1 
 
PROJECT SCOPE          2 
 
PROJECT OVERVIEW INFORMATION        2 
 BUILDING BACKGROUND INFORMATION            2 
BUILDING REVIEWING AGENCIES       4  
APPLICABLE CODES, LAWS, REGULATIONS AND STANDARDS   5 
 
SITE FIRE PROTECTION REQUIREMENTS       6 
 SITE ACCESS          6 
SITE FIRE HYDRANTS         6 
SITE FIRE PLAN         6 
 
BUILDING EGRESS REQUIREMENTS                    7 
GENERAL BUILDING LAYOUT        7 
OCCUPANCY CLASSIFICATION AND LOADS      7 
GENERAL MEANS OF EGRESS HEIGHT REQUIREMENTS    9 
MEANS OF EGRESS ILLUMINATION       10 
CLASSROOM EXIT AND EXIT ACCESS DOORWAYS     10 
EXIT ACCESS TRAVEL DISTANCE       10 
CORRIDOR REQUIREMENTS        10 
NUMBER OF EXIT REQUIREMENTS            10 
EXIT DISCHARGE REQUIREMENTS       10 
EXIT PATHS          11 
 
Fire Protection Analysis of a Fresno Elementary School  Page iii 
 
BUILDING STRUCTURAL FIRE PROTECTION       12 
GENERAL INFORMATION        12 
GENERAL BUILDING CLASSIFICATION OPTIONS     12 
ALLOWABLE BUILDING HEIGHTS AND AREAS WITH  
NO SPRINKLER OR AREA INCREASES        12 
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING   
ELEMENTS WITH NO SPRINKLER OR AREA INCREASES     12 
ALLOWABLE BUILDING HEIGHTS AND AREAS IF USING  
SPRINKLER AND AREA INCREASE ALLOWANCE     13 
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING  
ELEMENTS WITH SPRINKLER AND AREA INCREASES     14 
ACTUAL BUILDING EVALUATION       14 
ACTUAL BUILDING AREA ALLOWANCES      17 
FRONTAGE INCREASE                     17 
SPRINKLER INCREASE        18 
SUMMARY OF ALLOWED BUILDING AREA       18 
ACTUAL BUILDING CONSTRUCTION        18 
VERTICAL EXIT REQUIREMENTS        18 
ACTUAL BUILDING CONSTRUCTION MATERIALS      21 
RATED CONSTRUCTIONS         22 
 
FIRE DETECTION, ALARM AND COMMUNICATIONS SYSTEMS     25   
FIRE ALARM TYPE AND COMPONENT INFORMATION     25 
FIRE ALARM DESIGN METHODOLOGY      26 
FIRE ALARM NOTIFICATION ANALYSES       26 
FIRE ALARM SEQUENCE OF OPERATION      29 
FIRE ALARM INSPECTION TESTING AND MAINTENANCE REQUIREMENTS  30 
FIRE ALARM RISER          30 
Fire Protection Analysis of a Fresno Elementary School  Page iv 
 
VOLTAGE DROP AND BATTERY CALCULATIONS     30 
VOLTAGE DROP AND BATTERY CALCULATIONS     30 
SYSTEM COMMISSIONING        30 
INSPECTION TESTING AND MAINTENANCE REQUIREMENTS   31 
APPROVAL REQUIREMENTS        31 
FIRE ALARM AND DETECTION SUMMARY      31 
 
WATER-BASED FIRE SUPPRESSION                  32 
GENERAL SITE INFORMATION       32 
GENERAL BUILDING FIRE SPRINKLER INFORMATION    32 
FIRE SPRINKLER MATERIAL INFORMATION      33 
BUILDING FIRE WATER SUPPLY INFORMATION     34 
BUILDING SPRINKLER HYDRAULIC DEMAND REQUIREMENTS   35 
GENERAL SPRINKLER DEMAND REQUIREMENTS     36 
COMPUTER SOFTWARE        36 
FIRE SPRINKLER PLAN REFERENCE PLANS      36 
 
PERFORMANCE BASED ANALYSIS                                                37 
PERFORMANCE BASED GOALS OVERVIEW      37 
TENABILITY REQUIREMENTS        37  
EVACUATION TIME CALCULATIONS       38 
GENERAL INFORMATION         38 
EGRESS FLOW CALCULATIONS        39 
HAND CALCULATION OF MOVEMENT TIME STANDARD EGRESS WITH  
ALL STAIRS AND DOORS AVAILABLE (THIS IS THE MOVEMENT TIME  
USED FOR DESIGN FIRE 1 )                    40  
HAND CALCULATION OF MOVEMENT TIME EGRESS WITH MAIN ENTRY  
DOUBLE STAIRS AND DOORS UNAVAILABLE (THIS IS THE MOVEMENT  
Fire Protection Analysis of a Fresno Elementary School  Page v 
 
TIME USED FOR DESIGN FIRE 2)          40 
HAND CALCULATION OF MOVEMENT TIME EGRESS WITH ONE  
SIDE STAIR UNAVAILABLE (THIS IS THE MOVEMENT TIME USED  
FOR DESIGN FIRE 3 )          41 
PATHFINDER MOVEMENT TIME STANDARD EGRESS WITH ALL  
STAIRS AND DOORS AVAILABLE                    42 
PATHFINDER MOVEMENT TIME EGRESS WITH MAIN ENTRY  
DOUBLE STAIRS AND DOORS UNAVAILABLE      43 
PATHFINDER MOVEMENT TIME EGRESS WITH ONE SIDE STAIR UNAVAILABLE       44 
EVACUATION MOVEMENT TIMES                     45 
ACTUAL OCCUPANT LOADS           45 
DESIGN FIRE 1           45 
SCENARIO OVERVIEW                     45 
FIRE SCENARIO DESCRIPTION        46 
MODEL DESIGN FIRE           47 
SMOKE DETECTOR AND FIRE SPRINKLER ACTIVATION      48 
DESIGN FIRE 1 RSET          49 
DESIGN FIRE 1 ASET TIMES         50 
DESIGN FIRE 1 SUMMARY          57 
DESIGN FIRE 2          57 
SCENARIO OVERVIEW                     57 
FIRE SCENARIO DESCRIPTION        59 
MODEL DESIGN FIRE           60 
SMOKE DETECTOR AND FIRE SPRINKLER ACTIVATION      61 
DESIGN FIRE 2 RSET          62 
DESIGN FIRE 2 ASET TIMES         62 
DESIGN FIRE 2 SUMMARY          69 
DESIGN FIRE 3         69 
Fire Protection Analysis of a Fresno Elementary School  Page vi 
 
SCENARIO OVERVIEW                    69 
FIRE SCENARIO DESCRIPTION       71 
MODEL DESIGN FIRE          72 
SMOKE DETECTOR AND FIRE SPRINKLER ACTIVATION     72 
DESIGN FIRE 3 RSET         73 
DESIGN FIRE 3 ASET TIMES                    73 
DESIGN FIRE 3 SUMMARY                     81 
 
FIRE AND LIFE SAFETY ANALYSIS RECOMENDATIONS                         82 
 
REFERENCES                               83 
 
CODE AND STANDARD REFERENCES USED                           83 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fire Protection Analysis of a Fresno Elementary School  Page vii 
 
APPENDIX 
APPENDIX A: EXIT PLANS 
APPENDIX B: FIRE RATED WALL PLANS 
APPENDIX C: FIRE ALARM PLANS 
APPENDIX D: FIRE SPRINKLER PLANS 
APPENDIX E: FIRE ALARM CUT SHEETS 
APPENDIX F: FIRE ALARM SPECIFICATIONS 
APPENDIX G: WATER FLOW MEMO 
APPENDIX H: HYDRAULIC CALCULATIONS 
APPENDIX I: FIRE SPRINKLER CUT SHEETS 
APPENDIX J: FIRE EVACUATION AND SAFETY PLAN 
APPENDIX K: FIRE SPRINKLER INSPECTION, TESTING AND MAINTENANCE REQUIREMENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fire Protection Analysis of a Fresno Elementary School  Page viii 
 
LIST OF FIGURES: 
Figure 1 - Campus Site Diagram      3 
Figure 2 – 1st and 2nd Overall Floor Plans      4 
Figure 3 – Site Fire Plan       6 
Figure 4 – Occupant Classification Areas     8 
Figure 5 – Exit Path – First Floor      11 
Figure 6 – Exit Path – Second Floor      11 
Figure 7 – First Floor Plan – Fire Rating     20 
Figure 8 –Second Floor Plan – Fire Rating     20 
Figure 9 – UL 419 Corridor Interior Wall Rating Detail   22 
Figure 10 – UL 419 Corridor Tunnel Rating Detail    23 
Figure 11 – UL 469 Rated Shaft Detail     24 
Figure 12 – Fire Alarm Sequence of Operation    29 
Figure 13 – Site Fire Layout       32 
Figure 14 – Fire Suppression System Curve     34 
Figure 15 – Fire Sprinkler Hydraulic Demand Location   35 
Figure 16 – Pathfinder Run with all egress available    42 
Figure 17 – Pathfinder Model       42 
Figure 18 – Pathfinder Run with entry egress unavailable   43 
Figure 19 – Pathfinder Model with Center Stairs Removed   43 
Figure 20 – Pathfinder Run with one side stair unavailable   44 
Figure 21 – Pathfinder Model with Side Stairs Removed   44 
Figure 22 – Design Fire 1 Location      45/46 
Figure 23 – Amtrack trash bag HRR Curves     47 
Fire Protection Analysis of a Fresno Elementary School  Page ix 
 
Figure 24 – Design Fire 1 HRR Curve      48 
Figure 25 – FDS Output of Device Activation     48 
Figure 26 – FDS Design Fire 1 - CO at 259 s RSET     50 
Figure 27 – FDS Design Fire 1 - CO at 600 s       51 
Figure 28 – FDS Design Fire 1 - Temperature at 259 s RSET     52 
Figure 29 – FDS Design Fire 1 - Temperature at 600 s   53 
Figure 30 – FDS Design Fire 1 - Visibility at 259 s RSET    54 
Figure 31 – FDS Design Fire 1 - Visibility at 600 s     55 
Figure 32 – FDS Design Fire 1 – Smoke Layer Height vs Time  56 
Figure 33 – FDS Design Fire 1 – Image Looking North at RSET  56 
Figure 34 – FDS Design Fire 1 – RSET vs ASET Summary   57 
Figure 35 – Design Fire 2 Location      58 
Figure 36 – Magazine Rack HRR from SFPE Figure 3-1.56    60 
Figure 37 – Design Fire 2 HRR Curve      61 
Figure 38 – FDS Output of Device Activation     61 
Figure 39 – FDS Design Fire 2 - CO at 560 s RSET     62 
Figure 40 – FDS Design Fire 2 - CO at 600 s       63 
Figure 41 – FDS Design Fire 2 - Temperature at 560 s RSET    64 
Figure 42 – FDS Design Fire 2 - Temperature at 600 s   65 
Figure 43 – FDS Design Fire 2 - Visibility at 235 s as it drops below criteria  66 
Figure 44 – FDS Design Fire 2 - Visibility at 600 s     67 
Figure 45 – FDS Design Fire 2 – Smoke Layer Height vs Time  68 
Figure 46 – FDS Design Fire 2–Image Looking North at Sprinkler Activation 68 
Figure 47 – FDS Design Fire 2 – RSET vs ASET Summary   69 
Fire Protection Analysis of a Fresno Elementary School  Page x 
 
Figure 48 – Design Fire 3 Location      70 
Figure 49 – Storage Unit HRR from SFPE Figure 3-1.15    71 
Figure 50 – Design Fire 3 HRR Curve      72 
Figure 51 – FDS Output of Device Activation     73 
Figure 52 – FDS Design Fire 3 - CO at 453 s RSET     74 
Figure 53 – FDS Design Fire 3 - CO at 600 s       75 
Figure 54 – FDS Design Fire 3 - Temperature at 453 s RSET    76 
Figure 55 – FDS Design Fire 3 - Temperature at 600 s   77 
Figure 56 – FDS Design Fire 3 - Visibility at 415 s as it drops below criteria 78 
Figure 57 – FDS Design Fire 3 - Visibility at 600 s     79 
Figure 58 – FDS Design Fire 3 – Smoke Layer Height vs Time  80 
Figure 59 – FDS Design Fire 3 Looking North at Sprinkler Activation  80 
Figure 60 – FDS Design Fire 3 – RSET vs ASET Summary   81 
Figure 61 – Typical Section at Corridor     82 
 
 
 
 
 
 
 
 
 
 
 
 
Fire Protection Analysis of a Fresno Elementary School  Page xi 
 
LIST OF TABLES:  
Table 1 – Occupancy Classification per 2007 CBC Table 1004.1.1  7 
Table 2 – Building Occupant Loads      9 
Table 3 - Allowable Stories       12 
Table 4 -  Fire Resistance Ratings      12 
Table 5 - Height Increases       13 
Table 6 -  Rating Hours       14 
Table 7 – CBC Table 601       15 
Table 8 – CBC Table 602       16 
Table 9 – CBC Table 704.8       16 
Table 10 – CBC Table 1017.1       10 
 
 
 
 
 
 
 
 
 
 
 
Fire Protection Analysis of a Fresno Elementary School  Page 1 
 
Executive Summary 
This report details the fire and life safety analysis of a Fresno Elementary School.  Both 
prescriptive and performance based analysis were used to determine compliance with the 
building codes and fire codes which the building was constructed under.    
The prescriptive analyses included evaluation of the egress system, structural fire protection 
requirements, fire detection and alarm system and fire suppression systems.  The prescriptive 
analyses were done to show the code requirements and how the building complies with them. 
The performance analyses were done to analyze the performance of the building in the event 
of a fire scenario.  Three fire scenarios were modeled using guidelines from NFPA 101.  The 
available safe egress time (ASET) and the required safe egress time (RSET) were both reviewed 
to determine the safety and ability to exit the building of occupants in a fire scenario.  Fire 
Dynamics Simulator (FDS) was used for this analysis. 
Recommendations based on the performance and prescriptive analyses are presented. 
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FIRE PROTECTION ANALYSIS OF A  
FRESNO ELEMENTARY SCHOOL  
 
 
Project Scope 
The scope of this project was to perform a prescriptive analysis and a performance based 
analysis to evaluate the fire life safety requirements and goals of the building.  The governing 
codes that were in place at the time of the building design and construction along with 
additional National Fire Protection Agency (NFPA) standards were used for this analysis.  Fire 
selection scenarios for the performance based design were selected based on NFPA 101 Life 
Safety Code. 
Project Overview Information 
Building Background Information 
This new elementary school is located in Fresno, CA.  The elementary school consists of a 2-
story classroom and administration building.  The building is a Type II-B construction, 
sprinklered building with an E occupancy totaling 50,358 SF.  The building has a maximum 
height of 39’-3” from the top of slab to the top of the parapets.  The building consists of mainly 
classrooms, an administrative office area, library and support corridors and rest rooms.  The 
first floor spaces have 9’-6” ceilings consisting of T-bar or hard gyp board surfaces.  The second 
floor spaces have 10’-0” ceilings consisting of T-bar or hard gyp board surfaces.  The entry 
corridor (Corridor 101) is open to the second floor ceiling and has a ceiling height of 29’-0”. 
Key Building Information 
• 2 story elementary school 
• Type II-B construction 
• Sprinklered 
• E occupancy 
• 50,358 SF 
• 39’-3” maximum height 
• 1st floor rooms have 9’-6” ceilings 
• 2nd floor rooms have 10’-0” ceilings 
• Entry corridor has a 29’-0” ceiling 
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The building is situated on a new campus in an existing neighborhood.  The campus consists of 
the main primary building which is the subject of this analysis, a multi-purpose building and in 
the future will have portable classroom and restroom buildings.  The main public entry of the 
building is from the north with access from a gated parking lot with drive thru.  At the rear of 
the building are sports courts which have access gates to allow fire truck drive thru access in a 
fire event.  The 2-story primary classroom building consists of administration offices on the 
ground floor, a library area on the ground floor and classrooms on the ground floor and second 
floor.  Pre-kindergarten and kindergarten classrooms are located on the ground floor only.  
Storage and restrooms spaces are located on both floors.  Classrooms exit into a common 
interior corridor. The corridor is open to the entry area and connected to open stairs at both 
the east and west ends of the building along with a double set of stairs that is located in the 
center of the building’s main entry area. 
 
 
Figure 1 - Campus Site Diagram 
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Figure 2 – 1st and 2nd Overall Floor Plans 
 
Building Reviewing Agencies 
Project plan review was done by the Division of State Architect (DSA) which has three main 
areas of review. 
• Fire Life Safety 
• Access and Compliance  
• Structural 
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The project was also reviewed and approved by the local Fire Agency who has local authority 
for fire life safety. 
During construction a full time independent inspector employed by the owner was on sight to 
verify monitor the installation of systems with the design documents and code on a day to day 
basis. 
The design team consisting of the architectural design firm and the various engineers including 
civil, structural, electrical and mechanical all provided construction management services 
during the construction and provided site observation inspections and reports. 
Applicable Codes, Laws, Regulations and Standards 
This new elementary school was designed under the following codes, laws, regulations and 
standards: 
• 2007 CBC (Part2 Title 24), UBC with CA Amendments 
• 2007 CEC (Part2 Title 24), NEC with CA Amendments 
• 2007 CMC (Part2 Title 24), UMC with CA Amendments 
• 2007 CFC (Part2 Title 24), UFC with CA Amendments 
• 2007 CA Referenced Standards, Part 12, Title 24,  
• NFPA 13, 2002 
• NFPA 14, 2003 
• NFPA 72 Fire Alarm Code with CA Amendments, 2002 Edition. 
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Site Fire Protection Requirements 
Site Access 
Per the CFC section 503.a.a an approved fire apparatus access road is required.  Access is provided from 
a gate on the east side of the campus which allows a clear drive south of the building on the sports 
courts that conforms to the requirements of CFC chapter 5. 
Site Fire Hydrants 
Per the CFC appendix B table B105.1 a Type IIB construction building of 50,358 SF requires a fire flow 
of 4,750 gpm for 4 hours.  This requirement can be reduced up to 75% or a minimum of 1500 
gpm per CFC appendix B section B105.2 if the building is sprinklered.  This reduction reduces 
the building hydrant requirement to the minimum 1500 gpm.  A hydrant is located at the center 
of the south side of the building and per civil plans meets the 1500 gpm requirement. 
Site Fire Plan 
The site is served by a 10 inch diameter water fire loop.  This loop serves the project building with a 
single 6 inch line to the fire hydrant and a single 4 inch line to the fire sprinkler riser at the south east 
corner of the building.  Site fire information is detailed in the figure below. 
 
Figure 3 – Site Fire Plan 
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Building Egress Requirements 
General Building Layout 
The building is designed to provide a fire rated interior corridor system to serve as the means of egress 
for the occupants.  Classrooms on both the first and second floor exit to the corridor.  From the corridor 
occupants on the second floor are directed to one of three groups of stairs two of which are located at 
each end of the building and the third is two stairs located in the center of the building.  The stairs are 
open to the corridors on both the second floor and the ground floor.  Occupants from the second floor 
merge with occupants from the second floor at the exterior exit doors.  The exterior exit doors are 
located at the ends of the building and in the center of the building at the main entry. 
Occupancy Classification and Loads 
The building has four occupancy classifications per the CBC Table 1004.1.1.  These occupancy 
classifications determine the number of occupants to be used for design occupant loads in determining 
means of egress. 
FUNCTION   OF  SPACE  FLOOR AREA IN SQ.  FT.  PER  OCC.  
Accessory storage area, mechanical equipment 
room.  
300 gross  
Business areas  100 gross  
Educational Classroom area  20 net  
Library Reading rooms  50 net  
Table 1 – Occupancy Classification per 2007 CBC Table 1004.1.1 
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The majority of the building areas are educational.  The administration area which is a business 
occupancy is located in the south center of the first floor and is separated from the education area and 
has egress paths separate from those serving the education portion of the building.  Occupant 
classifications are located in the building per the following figure. 
 
Figure 4 – Occupant Classification Areas 
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Occupant loads for the building are per the following table. 
FUNCTION   OF  SPACE  OCCUPANT  LOAD  
First Floor   
Accessory storage area, mechanical equipment 
room.  
8  
Business areas  57  
Educational Classroom area  539  
Library Reading rooms  26  
First Floor Total  630  Occupants  
Second Floor   
Accessory storage area, mechanical equipment 
room. 
2  
Educational Classroom area  842  
Second Floor Total  844  Occupants  
Building Total  1474  Occupants  
Table 2 – Building Occupant Loads 
 
General Means of Egress Height Requirements 
CBC 1003.2 requires that the ceiling height in the means of egress shall be not less than 7 feet 6 inches.  
All ceilings in the building are over 8 feet in height. 
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Means of Egress Illumination 
The exit discharge shall be illuminated at all times the building is occupied per CBC 1006.1 The 
illumination level shall not be less than 1 foot candle measured at the walking path surface level.  Per 
CBC 1006.3 emergency power is required for a duration of 90 minutes by use of batteries or an onsite 
generator.  The building complies with the above. 
Classroom Exit and Exit Access Doorways 
Typical classrooms are under 1000 SF which yields an occupant load of 49 or less per classroom.  Per CBC 
section 1015 exits in type E or B occupancy with less than 49 occupants require only 1 exit door.  The 
arrangement of the door shall be that the availability is obvious and it shall remain unobstructed at all 
times. 
Exit Access Travel Distance 
Travel distance to exits complies with CBC section 1016.  Per 1016.1 exists shall be located on each story 
such that the maximum length of exit travel measured from the most remote point within each story 
shall not exceed the distances of Table 1016.1.  Per Table 1016.1 in an E occupancy with sprinklers the 
maximum exit travel distance is 250 feet.  Per Table 1016.1 in a B occupancy with sprinklers the 
maximum exit travel distance is 300 feet.  The building meets these requirements. 
Corridor Requirements 
Corridor requirements follow CBC 1017.  Per Table 1017.1 a corridor served by 10 or more occupants in 
a type E occupancy of a fire sprinklered building shall have a fire resistance rating of 1 hour.  The 
corridor system of the building has a one hour rating. 
Number of Exit Requirements 
Per CBC Table 1019.1 the second floor with an occupant load of 844 occupants will require a minimum 
of 3 exits.  The first floor with an occupant load of 630 requires 3 exits.  The total occupant load of 1474 
requires 4 exits.  The second floor has 3 exits and complies with the requirements and the ground floor 
has 5 main exits and complies with the requirements. 
Exit Discharge Requirements 
Exit discharge is per CBC 1024 and requires that exits discharge directly to the exterior of the building 
and that the capacity is not less than the required discharge capacity of the exits being served.  The exits 
comply with the requirements of the code. 
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Exit Paths 
The following diagrams show general proposed exit paths for the building.  Circled exterior doors 
represent primary exit doors serving the discharge of the second and first floor occupants.  These plans 
are also in Appendix A in a larger scale. 
 
Figure 5 – Exit Path – First Floor 
 
 
Figure 6 – Exit Path – Second Floor 
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Building Structural Fire Protection 
General Information 
The structural fire protection evaluation details information on the minimum required and the 
actual construction classification, materials and fire resistance requirements for the project 
elementary building. 
General Building Classification Options 
Reviewing the requirements for the building in general as an E occupancy building with two 
stories each with 27,196.5 SF for a total of 54,393 SF of area.  From this area we can determine 
the following: 
Allowable Building Heights and Areas with no sprinkler or area increases   
(only construction types that meet building area are shown) 
Allowable Building Heights and Areas Per CBC Table 503 
Construction Type Base #   Tabular Floor  
 
 
of Stories Area (ft^2) 
 IA UL UL 
 IB 5 UL 
 Table 3 - Allowable Stories 
Fire-Resistance Rating Requirements for Building Elements with no sprinkler or area increases 
(only construction types that meet building area are shown). 
Fire-Resistance Rating Requirements for Building Elements Per CBC Table 601 
    
Ratings in Hours 
Building Element 
 
Type IA Type IB 
Primary Structural Frame 3 2 
Bearing Wall Exterior 3 2 
Bearing Wall Interior 3 2 
Nonbearing Wall and Partitions 
Inter. 0 0 
Floor Const. and Secondary 
Memb. 2 2 
Roof Const. and Secondary 
Memb. 1-1/2 1 
 
 
       Table 4 -  Fire Resistance Ratings 
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       Allowable Building Heights and Areas if using sprinkler and Area increase allowance 
(only construction types that meet building area are shown) 
 
Percent 
    Base Area 100 
    Frontage Increase 11 
    Sprinkler Increase 200 
    Area After 
Increase 311 
    
    
a b 
Construction 
Type Base #   Max. #  Tabular Floor  Allowable Floor  
Maximum 
Building  
 
of Stories of Stories Area (ft^2) Area (ft^2) Area (ft^2) 
IA UL UL UL UL UL 
IB 5 6 UL UL UL 
IIA 3 4 26500 82415 329660 
IIB 2 3 14500 45095 135285 
IIIA 3 4 23500 73085 292340 
IIIB 2 3 14500 45095 135285 
IV 3 4 25500 79305 317220 
VA 1 2 18500 57535 115070 
VB 1 2 9500 29545 59090 
      UL = Unlimited 
     a = 311 percent times tabular 
area 
    b = stories x allowable floor area (max. 3 stories) 
   
Table 5 - Height Increases 
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Fire-Resistance Rating Requirements for Building Elements with Sprinkler and Area increases 
(only construction types that meet building area are shown). 
Fire-Resistance Rating Requirements for Building Elements Per Table 601 
   
   
Ratings in Hours 
      Building 
Element Type IA Type IB Type IIA Type IIB Type IIIA Type IIIB Type IV 
Type 
VA 
Type 
VB 
Primary  
 
3 2 1 0 1 0 HT 1 0 
Struct. Frame 
         
           Bearing  
 
3 2 1 0 2 2 2 1 0 
Wall Exterior 
         
           Bearing  
 
3 2 1 0 1 0 1/HT 1 0 
Wall Interior 
         
           
Nonbear. Wall  0 0 0 0 0 0 
see 
602.4.6 0 0 
and Part. Inter. 
         
           Flr Const. and  2 2 1 0 1 0 HT 1 0 
Secd. Memb. 
         
           Roof Const. and  1-1/2 1 1 0 1 0 HT 1 0 
Secd. Memb. 
        
0 
Table 6 -  Rating Hours 
Actual Building Evaluation 
The actual building has the following construction classification, materials and fire resistance 
requirements. 
Number of Stories = 2 
Occupancy = E 
Construction Type = II-B 
Fire Sprinklers = Yes 
Building Perimeter, P = 921 ft 
Perimeter fronting public way, F = 333 ft 
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Access way width, W = 30 ft 
Per Table 601 a Type II-B , 0-hour fire resistance rating is required for building elements 
including – Primary Structural Frame, Bearing Walls (interior and exterior), Non-Bearing Walls 
and Partitions, Floor Constructions, and Roof Constructions.  
 
Table 7 – CBC Table 601 
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Per Table 602 Exterior Walls for the building have a fire-resistance rating or 0-hours because 
the fire separation distance is greater than 30 feet. 
 
Table 8 – CBC Table 602 
 
Per Table 704.8 the allowable area opening is not limited because the Fire Separation Distance 
is greater than 30 feet and the building is classified as unprotected and sprinklered. 
 
 
Table 9 – CBC Table 704.8 
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Per Table 1018.1 for an E occupancy with a corridor serving greater than 10 people and 
sprinklers the corridor is required to have a 1-hour rating.  All penetrations of the rating are 
required to be protected. 
 
 
Table 10 – CBC Table 1017.1 
 
Actual Building Area Allowances 
Per Table 503 a Group E occupancy Type II-B building is allowed 2 stories and 14,500^2 per 
floor. 
The following allowances allow the floor area to increase as follows: 
Frontage Increase: 
If = 100 * �𝐹𝐹
𝑃𝑃
−  0.25� * [𝑊𝑊/30] 
Where 
If = Area increase due to frontage (percent) 
F = Building perimeter which fronts public way or open space having 20 ft minimum width. 
P = Perimeter of the building. 
W = Minimum width of public way or open space. 
If = 100 * �333921 −  0.25� * [30/30] 
If = 11 percent 
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Sprinkler Increase: 
Section 506.3 of the IBC allows buildings protected with an approved automatic sprinkler 
system to have an area increase of: 
200 percent (Is = 200 percent) for multi-storied buildings. 
Is = 200 percent 
Area Modification per (IBC Section 506) 
Aa = 𝐴𝐴𝐴𝐴 + [𝐴𝐴𝐴𝐴 ∗ 𝐼𝐼𝐼𝐼/100] + [𝐴𝐴𝐴𝐴 ∗ 𝐼𝐼𝐼𝐼/100] 
Aa = 14,500^2 + [14,500^2 ∗ 11/100] + [14,500^2 ∗ 200/100] 
Aa = 45,095^2 per floor  
Where 
Aa = Allowable area per floor (ft^2) 
At = Tabular area per floor in accordance with Table 503 (ft^2) 
If = Area increase due to frontage (percent) as calculated in accordance with Section 506.2 and 
shown below. 
Is = Area increase due to sprinkler protection (percent) as calculated in accordance with Section 
506.3. 
 
Summary of allowed building area: 
Building with 11 percent increase from frontage and 200 percent increase from the 14,500^2 
allowed by table 503.  With these increases the building is allowed 45,095^2 per floor.  The 
actual building is 27,196.5^2 per floor, thus the building meets the allowed code floor areas. 
 
Actual Building Construction: 
The only required area of the building requiring a rating is the interior corridor which requires a 
1-hour rating.  The corridor extends from the floor to the bottom of the floor above or the 
bottom of the roof deck.  All opening including doors, glass and any penetrations for pipe or 
ductwork must maintain the rating.   
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Vertical Exit Requirements 
Per the requirements of CBC section 1020 the exit stairs serving the second floor corridors are 
not required to be enclosed from the exit corridors.  The current configuration has the stairs 
open to both the second floor corridors and the first floor corridors.  The code and exceptions 
for this are as follows: 
SECTION 1020 VERTICAL EXIT ENCLOSURES [B]  
1020.1 Enclosures required.  
Interior exit stairways and interior exit ramps shall be enclosed with fire barriers 
constructed in accordance with Section 706 of the California Building Code or horizontal 
assemblies constructed in accordance with Section 711 of the California Building Code, or 
both. Exit enclosures shall have a fire-resistance rating of not less than 2 hours where 
connecting four stories or more and not less than 1 hour where connecting less than four 
stories. The number of stories connected by the exit enclosure shall include any 
basements but not any mezzanines. An exit enclosure shall not be used for any purpose 
other than means of egress. 
Exceptions:  
9.   In other than Group H and I occupancies, interior egress stairways serving only the first 
and second stories of a building equipped throughout with an automatic sprinkler system 
in accordance with Section 903.3.1.1 are not required to be enclosed, provided at least 
two means of egress are provided from both floors served by the unenclosed stairways. 
Such interconnected stories shall not be open to other stories. Unenclosed exit stairways 
shall be remotely located as required in Section 1015.2.  
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Diagrams below show the fire rated corridors.  These diagrams are also in Appendix B in a 
larger scale. 
 
Figure 7 – First Floor Plan – Fire Rating 
 
Figure 8 –Second Floor Plan – Fire Rating 
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Actual Building Construction Materials: 
Roof Construction: 
Metal deck with insulation and built-up roofing above.  Metal beams and framing. 
 
Structure: 
Metal construction consisting of various columns, beams, girders and joists of metal 
construction. 
Walls (Interior and Exterior): 
 
Exterior Walls: 
6” metal studs at 16” O.C. with R-19 insulation.  Exterior cement with plaster lath.  Interior 
varies per room finish schedule. 
Interior Walls (non-rated): 
6” metal studs at 16” O.C. with sound batt insulation.  Finish varies per room finish schedule. 
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Rated Constructions: 
Interior Walls (1-hour rated): 
6” metal studs at 16” O.C. with sound batt insulation.  5/8” type “x” gyp. Bd. On each side. (UL 
#419). 
 
Figure 9 – UL 419 Corridor Interior Wall Rating Detail 
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Interior Rated Corridor – wall and ceiling tunnel (1-hour rated): 
6” metal studs at 16” O.C. with sound batt insulation.  5/8” type “x” gyp. Bd. On each side. (UL 
#419). 
 
Figure 10 – UL 419 Corridor Tunnel Rating Detail 
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Rated Shaft at Elevator (1-hour rated): 
USG Steel Studs at 24”O.C.  5/8” type “x” gyp. Bd. On each side. (UL #469). 
 
Figure 11 – UL 469 Rated Shaft Detail 
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Fire Detection, Alarm and Communications Systems  
Fire Alarm Type and Component Information 
This new elementary schools alarm system is a Central Station type which is monitored by an 
independent central station.  This central station conforms to the requirements of NFPA 72 as 
amended by Article 91.  The fire alarm system consists of the key fire alarm components as 
listed below and all other components as required to provide a complete functioning system to 
monitor the building.   Refer to Appendix C for fire alarm drawings (FAx.x) referenced in this 
section. 
Key Fire Alarm Components (refer to Fire Alarm Symbols List on attached sheet FA0.1 and 
attached product cut sheets in Appendix E for additional information) 
• Fire Alarm Control Panel – Gamewell-FCI – Model E3 
• Fire Alarm Expander Panel – Gamewell-FCI – Model FF8 
• Manual Pull Station – Gamewell-FCI – Model MS-7AF 
• Heat Detector – Gamewell-FCI – Model ATD-L2F 
• Attic Heat Detector – Gamewell-FCI – Model ATD-HL2F 
• Smoke Detector – Gamewell-FCI – Model ASD-PL2F 
• Duct Smoke Detector – Gamewell-FCI – Model ADPRF 
• Fire Sprinkler Tamper Switch 
• Fire Sprinkler Flow Switch 
• Outside Horn with Black Box – Wheelock – Model AH-24WP-R WBBR 
• Horn / Strobe Multi-Candela – Wheelock – Model ZNS-24MCW-FR 
• Strobe Multi-Candela – Wheelock – Model ZRS-24MCW-FR 
 
Key Fire Alarm Components Locations  
• Fire Alarm Control Panel is located on the ground floor on the South Side of the middle 
of the building in Room Ball 123.  Refer to attached drawing FA1.1. 
• Fire Alarm Expansion Panels.  The first floor panel is located on the ground floor on the 
South Side of the middle of the building in Room Ball 123.  Refer to attached drawing 
FS1.1.  The second floor panel is located on the second floor on the South Side of the 
middle of the building in Room Storage 217.  Refer to attached drawing FA2.2. 
• Fire sprinkler riser / tamper switch / flow switch are located on the ground floor in the 
South / West corner in room Storage 113.  Refer to attached drawing FA1.1. 
Fire Protection Analysis of a Fresno Elementary School  Page 26 
 
• Manual Pull Stations are located throughout the building mounted at 48” A.F.F. at each 
exterior door.   Refer to attached drawings for locations. 
• Heat Detectors are located in the elevator equipment/machine rooms.  Refer to 
attached drawings. 
• Attic Heat Detectors are located throughout the building mounted above the ceiling in 
each attic space compartment. Refer to attached drawings. 
• Duct Smoke Detectors are located throughout the building mounted in the ducts next to 
the fire smoke dampers at each penetration of fire rated walls.  Refer to attached 
drawings. 
• Duct Smoke Detectors are also located in the supply air plenums of the HVAC rooftop 
package units.  These are not shown on the plans, but one is located in each unit. 
• Outside Horns are located on the exterior of the building.  Refer to attached drawings 
FA1.1 and FA1.2. 
• Horn / Strobe Multi-Candela devices are located throughout the building mounted on 
the walls of most rooms and spaces. Refer to attached drawings. 
• Strobe Multi-Candela devices are located throughout the building mounted on the walls 
of some storage and restrooms. Refer to attached drawings. 
Fire Alarm Design Methodology 
The fire alarm system is designed to meet the requirements of NFPA 72.  The components as 
installed cover each individual room or areas as required.   
The smoke detectors which are spot-type smoke detectors have been designed to meet the 
requirements of NFPA 72 17.7.3.2 at 30 ft spacing. 
Attic heat detectors layout is designed to meet the requirements of NFPA 71 Ch 17 and Annex 
B.  The heat detectors are UL approved for 50 ft center to center and FM approved for 25 x 25 
ft. 
Typical layouts have been designed around these numbers. 
Fire Alarm Notification Analyses  
Audio / Visual Notification Appliances 
The audio / visual strobe appliances have been evaluated in the following locations (Typical 
First Floor Classroom, Typical Second Floor Classroom, Main Two Story Entry and the Library) 
locations are as indicated on attached FA sheets.  All of these appliances have a rating of 90 
dBA which is above the requirements of NFPA 72 18.4.3 which states that the audible 
requirements must be 15 dBA above the average ambient sound level and at least 5 dBA above 
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maximum sound level having duration of at least 1 minute.  See the FA floor plan drawings in 
Appendix C for locations of all appliances 
 
Location A (Typical First Floor Classroom, Kindergarten 1, Rm #109)  
Ceiling Height is 9’-6”,  Room dimensions are 28’x33’-4” 
(1) 75 cd device was used.   
Per NFPA 72 Table 18.5.4.3.1(a) a single 75 cd wall mounted visible appliance will cover a 
maximum room size of 45’x45’. 
Spacing for this room is correct. 
 
Location B (Typical Second Floor Classroom, Classroom 12, Rm #205) 
Ceiling Height is 10-0”,  Room dimensions are 28’x34’-6” 
(1) 75 cd device was used.   
Per NFPA 72 Table 18.5.4.3.1(a) a single 75 cd wall mounted visible appliance will cover a 
maximum room size of 45’x45’. 
Spacing for this room is correct. 
 
Location C (Library) 
Ceiling Height is 9’-6”, Room dimensions area max. Of 40’-6”x61’-6” in a non uniform shape. 
(3) devices were used (1) 15 cd device, (1) 75 cd device and (1) 110 cd device 
Per NFPA 72 Table 18.5.4.3.1(a)  
a single 15 cd wall mounted visible appliance will cover a maximum room size of 20’x20’. 
a single 75 cd wall mounted visible appliance will cover a maximum room size of 45’x45’. 
a single 110 cd wall mounted visible appliance will cover a maximum room size of 54’x54’. 
With layout used and the (3) devices spacing for this room is correct. 
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Location D (Main Entry, 2 Story, Corridor 101) and Location H (Corridors) 
Ceiling Height is 29’-0” at Main Entry and 9’-6” or 10’-0” at Corridors 
15 cd devices ware used.   
Spacing for the corridors was done incompliance with Per NFPA 72 18.5.4.4. 
 
Location E (Secretary 127 and Reception 126) 
Ceiling Height is 9’-6”, Room dimensions are 29’-4”x39’ in an L shape 
(1) 75 cd device was used.   
Per NFPA 72 Table 18.5.4.3.1(a) a single 75 cd wall mounted visible appliance will cover a 
maximum room size of 45’x45’. 
Spacing for this room is correct. 
 
Location F (Conference 128) 
Ceiling Height is 9’-6”, Room dimensions are 18’x12’  
(1) 15 cd device was used.   
Per NFPA 72 Table 18.5.4.3.1(a) a single 15 cd wall mounted visible appliance will cover a 
maximum room size of 20’x20’. 
Spacing for this room is correct. 
 
Location G (Work Room 107) 
Ceiling Height is 9’-6”, Room dimensions are 17’-6x19’  
(1) 15 cd device was used.   
Per NFPA 72 Table 18.5.4.3.1(a) a single 15 cd wall mounted visible appliance will cover a 
maximum room size of 20’x20’. 
Spacing for this room is correct. 
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Fire Alarm Sequence of Operation 
The following Diagram identifies the fire alarm sequence of operations. 
 
Figure 12 – Fire Alarm Sequence of Operation 
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Fire Alarm Inspection Testing and Maintenance Requirements 
The inspection testing and maintenance of the alarm system will be the job of the company 
hired by the school district.  NFPA guidelines, manufacturer and product guidelines and all local 
fire marshal requirements shall be followed. 
 
Fire Alarm Riser  
Refer to attached drawings sheet FA0.3 for the Fire Riser Diagram. 
 
Voltage Drop and Battery Calculations 
Refer to attached drawings sheet FA0.4 for the Fire Alarm Voltage Drop and Battery 
Calculations. 
 
System Commissioning 
The system shall be required to be commissioned per the contract documents.  Per the 
following specification sections listed below the system is required to be operational,  
functioning and warranted for a period of 1 year from the date of first beneficial use. 
Specifications Sections: 
16710, 1.03, B. 
16710, 1.04, G. 
16710, 1.06 
16710, 1.07 
16710, 2.06 
Refer to attached project specifications in Appendix F 
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Inspection Testing and Maintenance Requirements 
The inspection testing and maintenance of the alarm system will be the job of the company 
hired by the school district.  NFPA guidelines, manufacturer and product guidelines and all local 
fire marshal requirements shall be followed. 
Approval Requirements 
Per the specifications section 16710, 1.03 the school district shall review and approve the 
equipment and system prior to any installation.  Per specification section 16710, 1.04, G. the 
district shall review and approve the acceptance test procedures.  Per specification section 
16710, 2.06 the district and the local fire marshal shall be present to witness and approve 
testing.  Refer to attached specifications. 
Fire Alarm and Detection Summary 
The intent of the system is to comply with NFPA 72 and provide a complete Fire Alarm System 
that operates as required to meet the intent of the code.  As reviewed and evaluated the 
installed system meets these requirements. 
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Water-Based Fire Suppression 
General Site Information 
The site is served by a 10 inch site fire water loop which serves the site fire hydrants and the 
fire sprinkler risers at the buildings.  A fire hydrant is located on the south side of the building 
near the buildings center with drive in access for the fire department from gates at the street to 
the sports courts.  The buildings fire riser is on the south east corner of the building on the 
exterior wall.  
Site Fire Water Plan 
 
Figure 13 – Site Fire Layout 
 
General Building Fire Sprinkler Information 
The building is completely fire sprinklered per the requirements of NFPA 13, 2002.  Quick 
response pendent heads are located in the T-bar and hard ceilings in all rooms.  Attic space is 
not required to be sprinklered per exceptions in NFPA 13, 8.15.1.2.1 and per DSA IR 9-1 for 
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buildings of non-combustible construction with fire sprinklers.  The fire sprinkler riser is located 
in outside of the building at the South / East corner of the building.  Sprinkler mains run above 
the ceilings of both floors. 
Fire Sprinkler Material Information 
The following are key components of the fire sprinkler system: 
• Viking, Easy Riser swing check valve Models E-1 and F-1 
• Viking, Microfast Standard Quick Response Extended Coverage Pendent Sprinklers 
• Viking, Microfast Standard Quick Response Upright and Conventional Sprinklers 
• Viking, Microfast and Microfast HP Quick Response Pendent Sprinklers 
• Viking, Microfast Standard Quick Response Extended Coverage HSW Sprinkler VK606 
• Viking, Microfast HP Quick Response Horizontal Sidewall Sprinklers VK305 and VK319 
• Sprinkler Wrenches and Cabinets 
• Potter, Bells PBA-AC and MBA-DC 
• Potter, WFSR-F Waterflow Alarm Switch 
• Potter, PCVS-1 and 2 Control Valve and Supervisory Switch 
Refer to Appendix I for key component Product Data Sheets 
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Building Fire Water Supply Information 
The fire sprinkler water supply is by a single fire riser to the building.  The water supply serving 
the building is characterized as follows per the attached water supply information as provided 
by Fresno Fire on May 1, 2009 refer to letter in Appendix G.  This information represents design 
data to be used for design as provided by Fresno Fire and is not the actual flow data from a flow 
test. 
Static:   45 psi 
Residual:  35 psi 
Flow:   1800 gpm 
A 10% “cushion” for design was not required as the actual flow test results were higher than 
the data given for the design model flow curve.  
Design data for the sprinkler system matched that as provided by the City; reference the 
attached report data from the sprinkler hydraulic calculations Appendix H for the most 
hydraulically demanding classroom space. 
 
Figure 14 – Fire Suppression System Curve 
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Building Sprinkler Hydraulic Demand Requirements 
The most hydraulically demanding area of the system was determined to be the second floor 
classroom on the north side of the building at the west end of the building.  This classroom was 
the furthest distance from the fire sprinkler riser which is located on the south side of the 
building at the east end of the building.  The hydraulic calculations were done using the room 
design method from NFPA 13 section 14.4.4.1.2 and 11.2.3.3.  This requires the use of 5 
sprinkler heads in the calculation.  Calculations included the four sprinkler heads in the room 
along with one sprinkler head from the corridor just outside of the classroom.  The demand for 
this area was 175.89 gpm for the sprinklers and 100 gpm for the hose demand for a total of 
275.89 gpm at 37.99 psi. Refer to Appendix H for a copy of the hydraulic calculations . 
Refer the figure below for reference locations. 
 
Figure 15 – Fire Sprinkler Hydraulic Demand Location 
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General Sprinkler Demand Requirements 
Typical classrooms and spaces are designed around the following: 
Occupancy Hazard Classification = Light Hazard 
Density = 0.10 gpm/ft^2 
Hose Stream Allowance = 100 gpm Inside and Outside 
Water Supply Duration = 30 min duration 
Computer Software 
The software used for the hydraulic calculations was Hydratec Inc. Fire Protection by Computer 
Design software. 
 
Fire Sprinkler Plan Reference Plans 
Refer to Appendix D. 
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Performance Based Analysis 
Performance Based Goals Overview 
The main performance based goal of the new elementary school is to maintain life safety and 
minimize fire related injuries and the loss of life from fire.  Secondary goals are to maintain 
property protection by minimizing damage to property and minimizing downtime of facility use 
from fire damage. 
The tenability goals of the project are set at 2 meters above the walking surfaces.  The smoke 
layer should be maintained above 2 m, when it drops below this level occupants become less 
likely to move through the smoke.  The visibility criterion is to maintain 5 m in classrooms and 
10 m for the corridors and entry areas.  The maximum exposure of carbon monoxide is not to 
exceed 1,400 ppm.  The heat exposure is to be less than 60 degrees C. 
The available safe egress time (ASET) is the available safe egress time of the occupants in the 
event of a fire from the time of fire ignition to the time untenable conditions occur in the 
evacuation route.  The required safe egress time (RSET) is the time required for occupants to 
reach an area of safety in the event of a fire from the time of fire ignition to the time 
evacuation is complete.  These times need to be evaluated for each design fire scenario to 
determine if the ASET is greater than the RSET. 
Design fires have been developed following the Design Fire Scenarios of NFPA 101 Ch 5 and 
evaluated using Fire Dynamics Simulator (FDS) version 5.5.3. 
Tenability Requirements 
Tenability requirements for the building have been established based on a maximum 
evacuation time of 15 minutes or less which was derived from the code based and simulation 
based calculations from the building egress requirements.  The building occupants range in age 
from pre-school age to senior citizen age with the majority in the age range of 4 to 13 years of 
age. 
Visibility requirements for the elementary school are set at 5m for small enclosures such as 
classroom and restrooms and 10 m for corridors, entry areas and paths of travel [1], [3].  These 
numbers are the minimum values and should be met or exceeded.  If visibility is less than these 
values occupants may stop attempting to exit the building. 
Exposure to toxic gases shall be limited to allow safe evacuation of students and teachers.  The 
exposure layer is 2m above the floor.  The maximum exposure to carbon monoxide (CO) is 
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1,400 ppm for duration of 30 minutes.  Oxygen (O2) should be 12% or greater and Carbon 
Dioxide (CO2) should be less than 6% [1]. 
Heat and temperature requirements for occupants are taken at 2 m above the floor.  Radiant 
heat exposure should be limited to 2.5 KW/m2 from the upper layer for a period of not more 
than 5 min.  Convective heat of 100 degree C with 10% H2O is the maximum temperature for 
exposure for the duration of the 8 min is the maximum acceptable criteria for this building with 
design criteria of 60 degree C saturated for exposure duration of 30 min which covers the 15 
min estimated maximum evacuation time [3].  Often the temperature of 120 degrees C [2], [4] 
is acceptable for exposure time of up to 7 min [2], [4] but due to the majority of the occupants 
being young children the lower values are being used to reduce risk and danger to them.  The 
lower temperature which is more difficult to maintain will provide a greater level of safety. 
Evacuation Time Calculations 
General Information 
The evacuation times for the building have been calculated using both hand calculation 
methods following the formulas in the NFPA Fire Protection Handbook 20th edition Chapter 2 
Section 4.  Additionally the building was modeled using Pathfinder Version 2012 software and 
evaluated in the SFPE mode using basic collisions as a double check of occupancy egress times. 
For the hand calculations several assumptions were made. First it was assumed that people 
would evenly use the available exits.  Second travel time in the rooms to the exits was not 
accounted for as the assumption that the persons nearest the door would begin exiting first 
and the remainder of the occupants would begin queuing behind. 
The occupant load for the building used in the calculations was 630 occupants on the ground floor and 
844 occupants on the second floor for a total of 1474 occupants.  For the purpose of the hand 
calculations the administrative staff is counted in the total occupant load of the first floor and was 
calculated to use the main exits with the students.  The second floor has four stairs to the first floor.  The 
first floor has 7 sets of double doors.  For the hand calculations it was found that comparing the 
movement time differences between the doors and the stair flow times that in all cases the stair flow 
times were the limiting factor.  Due to this the stairs were used to calculate the egress time. 
Pre-movement time for classrooms is estimated to be 30 seconds to allow for the teachers and students 
to realize that there is an alarm and began exiting the classrooms.  This information is based on reading 
case studies in the SPPE Hand Book of Fire Protection Engineering Section 3-12. 
An alarm time of 5 seconds has been used which is an industry standard that allows for the detection 
and alarm devices to receive and send signals. 
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Egress Flow  Calculations 
A. Estimate the flow capacity through the doors. From Table 4.2.8 the effective width of 
each double door is “free door width – (2) 6””.   
 
Double doors have a free width of 68.5”   
Use 68.5” – (2)6” = 56.5” 
Per Table 4.2.8 use 24.0 persons / min/ft of flow 
Using Equation 4 flow through double door = (56.5”0” / 12” x 24.0 = 113 person / min. 
 
Single door has a free width of 33.63”   
Use 33.63” – (2)6” = 21.63” 
Per Table 4.2.8 use 24.0 persons / min/ft of flow 
Using Equation 4 flow through double door = (21.63” / 12” x 24.0 = 43 person / min. 
 
B. Estimate the flow capability of the exit corridor.  From Table 4.2.4 the effective width of 
the corridor is “free corridor width – (2) 6””.  Corridor has a width of 60”.  Use 60”-(2) 6” 
= 48” 
Per Table 4.2.8 use 24.0 persons / min/ft of flow in corridor. 
Using equation 4 flow through stairs = (48”/12”) x 24 = 96 person / min. 
This is greater than the door flow for the corridor so use the door flow of 43 person / 
min. 
 
C. Estimate the flow capability of the stairway.  From Table 4.2.4 the effective width of 
each stair is “free stair width – (2) 6””.  Stairs have a width of 66”.  Use 66”-(2) 6” = 54” 
Per Table 4.2.8 stairs with 7.0” rise and 11” tread gives us 18.5 persons / min/ft of flow 
Using equation 4 flow through stairs = (54”/12”) x 18.5 = 83 person / min. 
 
D. Estimate the movement time for the estimated stairway flow. 
From Equation 1 the speed of movement down the stairs is 212-(2.86x21x0.175) = 105 
ft/min 
The travel distance between floors per Table 4.2.6 with stairs with a 7.0” rise and 11” 
tread = 1.85, so 25.5 x 1.85 = 47.25 on the stair slope plus the travel landing of our 
stairs.  Travel of the landing is 7.75. 
Stairway travel time is 47.75’ + 7.75’ = 55’ 
55’ / 105 = 0.52 min. for travel in stairway from second to first floor exit doors. 
 
E. Estimate the movement time to stairs and from stairs to exit doors (worst case using 
center stairs). 
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From Table 4.2.3 travel speed of 100 ft/min is used. 
Travel distance to stairs = 15’ and travel distance from stairs to exit door = 17’ 
Travel distance is 15’ + 17’ = 32’ 
Travel time = 32’ / 100 = 0.34 min. 
 
F. Estimate the movement time to stairs and from stairs to exit doors (worst case using 
side stairs, for design fire where center stairs are not available). 
From Table 4.2.3 travel speed of 100 ft/min is used. 
Travel distance to stairs = 11’ and travel distance from stairs to exit door = 7’ 
Travel distance is 11’ + 7’ = 18’ 
Travel time = 18’ / 100 = 0.18 min. 
 
Hand Calculation of Movement Time Standard Egress with All Stairs and Doors Available 
(this is the Movement Time used for Design Fire 1 ) 
Hand Calculations use the above numbers for determination of egress time. 
Travel distance in initial room not included in calculations. 
 
Estimate of Standard Evacuation Movement Time per above: 
844 occupants on second floor / 4 stairs = 211 occupants per stair 
Flow time through stairs = 211 people / 83 person / min. thru stairs = 2.54 min. 
Estimated time for movement to and from stairs = 0.52 min. 
Estimated time for movement to and from stairs = 0.34 min. 
Total minimum evacuation time is 2.54 + 0.52 + 0.34 = 3.40 min. or 204 sec 
 
Hand Calculation of Movement Time Egress with Main Entry Double Stairs and Doors 
Unavailable (this is the Movement Time used for Design Fire 2 ) 
Hand Calculations use the above numbers for determination of egress time. 
Travel distance in initial room not included in calculations. 
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Estimate of Standard Evacuation Movement Time per above: 
844 occupants on second floor / 2 stairs = 422 occupants per stair 
Flow time through stairs = 422 people / 83 person / min. thru stairs = 5.08 min. 
Estimated time for movement through stairway = 0.52 min. 
Estimated time for movement to and from stairs = 0.18 min. 
Total minimum evacuation time is 5.08 + 0.52 + 0.18 = 5.78 min. or 347 sec 
 
Hand Calculation of Movement Time Egress with One Side Stair Unavailable 
(this is the Movement Time used for Design Fire 3 ) 
Hand Calculations use the above numbers for determination of egress time. 
Travel distance in initial room not included in calculations. 
 
 
Estimate of Standard Evacuation Movement Time per above: 
844 occupants on second floor / 3 stairs = 282 occupants per stair 
Flow time through stairs = 282 people / 83 person / min. thru stairs = 3.4 min. 
Estimated time for movement through stairway = 0.52 min. 
Estimated time for movement to and from stairs = 0.34 min. 
Total minimum evacuation time is 3.4 + 0.52 + 0.34 = 4.26 min. or 256 sec 
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Pathfinder Movement Time Standard Egress with All Stairs and Doors Available 
Results of Pathfinder run using SFPE mode with basic collisions = 221 sec 
 
Figure 16 – Pathfinder Run with all egress available 
 
Figure 17 – Pathfinder Model  
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Pathfinder Movement Time Egress with Main Entry Double Stairs and Doors Unavailable 
Results of Pathfinder run using SFPE mode with basic collisions = 329 sec 
 
Figure 18 – Pathfinder Run with entry egress unavailable 
 
Figure 19 – Pathfinder Model with Center Stairs Removed 
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Pathfinder Movement Time Egress with One Side Stair Unavailable 
Results of Pathfinder run using SFPE mode = 223 sec 
 
Figure 20 – Pathfinder Run with one side stair unavailable 
 
Figure 21 – Pathfinder Model with Side Stairs Removed 
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Evacuation Movement Times  
The evacuation movement time from the hand calculations compared to the times from the 
same run in Pathfinder using the SFPE mode with basic collisions showed a difference of 
between 5 % and 15 % for the various egress analysis.  These are very close.  For purposes of 
evaluating the RSET for the different design fire scenarios the hand calculation movement times 
are used as they were the more conservative times for two of the three egress analysis.   
Actual Occupant Loads  
The occupant numbers used as required by code for educational facilities are generally 
conservative.  Typical classrooms have between 27 and 35 students not the 44 to 48 as 
calculated by the code.  This would result in a lower occupant load of approximately 175 
occupants on the second floor and 100 occupants on the first floor for a total of 275 less 
occupants than used for calculations. 
Design Fire 1 
Scenario Overview 
This performance design scenario involves a fire in the main entry area of the building.  
Typically this area is free of flammable material but at certain time of the year there is material 
which could be fuel for a fire in this area.  In this scenario during the two times a year that the 
school does a student book fair a magazine / book rack is on display in the entry area which is 
located directly outside of the library.  For this scenario the magazine / book rack is set on fire 
and causes the two main entry doors and two main stairs to the entry to be unavailable for 
egress. 
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Figure 22 – Design Fire 1 Location 
Fire Scenario Description 
This fire is similar to NFPA 101 Design Fire Scenario 1.  NFPA 101 defines this fire scenario as 
follows: 
•  (1) It is an occupancy-specific fire representative of a typical 
 fire for the occupancy. 
• (2) It explicitly accounts for the following: 
– (a) Occupant activities 
– (b) Number and location of occupants 
– (c) Room size 
– (d) Contents and furnishings 
– (e) Fuel properties and ignition sources 
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– (f) Ventilation conditions 
– (g) Identification of the first item ignited and its location 
 The conditions for this design fire scenario are as follows: 
• Corridor 201, open to the primary entry access to the building and second floor egress 
corridors. 
• Waste Basket in corridor is ignited. 
The design fire used for this scenario is as follows: 
• Design Fire Data the HRR of a standard Amtrack trash bag based on crumpled paper. 
• Based on SFPE data from Figure 3-1.100  
• Standard Trash bag  with 110 sheets of crumpled newspaper in a 30 
gallon HDPE container 
• Peak HRR of 175 kW 
 
Figure 23 – Amtrack trash bag HRR Curves 
 
Model Design Fire 
For this design fire the fire the fire grows to a peak HRR of 175 kW at a time of 276 seconds and 
then begins to taper off as the fuel cannot sustain further growth.  This fire model was run to 
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600 seconds at which time the HRR had dropped to 60 kW.  For this fire scenario there were 
two smoke detectors located in the ceiling space of the room, the first activated at a time of 20 
seconds after the start of the fire.  Due to the low HRR and the large volume of the space none 
of the six sprinklers located in the room activated. 
 
Figure 24 – Design Fire 1 HRR Curve 
 
Smoke Detector and Fire Sprinkler Activation 
For this fire the first smoke detector is activated at 20 s.   
No fire sprinklers activated. 
 
Figure 25 – FDS Output of Device Activation 
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Design Fire 1 RSET 
For design fire 1 the RSET is 259 s or 4.32 min based on the following: 
 
Detection Time  20 s time of first smoke detector activation from FDS model run  
Notification Time   5 s time delay for smoke detector activation to signal 
Pre-Movement Time 30 s assumed time based on occupancy use 
Movement Time             204 s time from hand calculations with all stairs and doors used 
RSET               259 s total required time for safe evacuation 
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Design Fire 1 ASET Times 
For Design Fire 1 the ASET times for the various performance criteria are as follows: 
The carbon monoxide level at 2 m above the second floor walking surface at the RSET time of 
259 s is well below the 1,400 ppm tenability requirement.   Criteria passes for RSET. 
 
Figure 26 – FDS Design Fire 1 - CO at 259 s RSET  
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The carbon monoxide level at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is well below the 1,400 ppm tenability requirement.    
 
Figure 27 – FDS Design Fire 1 - CO at 600 s   
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The maximum temperature at 2 m above the second floor walking surface is under30 degree C 
at all egress path areas which is well below the required 60 degree C criteria.  Criteria passes. 
 
Figure 28 – FDS Design Fire 1 - Temperature at 259 s RSET  
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The maximum temperature at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is well below the 60 degree C criteria. 
 
Figure 29 – FDS Design Fire 1 - Temperature at 600 s 
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The minimum visibility at 2 m above the second floor walking surface at the RSET time of 259 s 
is at over 45 m which is above the 10 m requirement.   Criteria passes for RSET. 
 
Figure 30 – FDS Design Fire 1 - Visibility at 259 s RSET  
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The minimum visibility at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is greater than 35 m  which is above the 10 m visibility criteria. 
 
Figure 31 – FDS Design Fire 1 - Visibility at 600 s  
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The smoke layer drops below the 2 m requirement at 236 s as shown in the graph below.  This 
criteria fails for RSET.   (Note: Smoke layer height is taken at a single point in the middle of each 
corridor which results in a sharp drop in the smoke layer height as the smoke layer moves down 
the corridor and hits the measuring point). 
 
Figure 32 – FDS Design Fire 1 – Smoke Layer Height vs Time 
 
 
Figure 33 – FDS Design Fire 1 – Image Looking North at RSET 
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Design Fire 1 Summary 
This design fire scenario fails the performance criteria for the smoke layer height at a time of 
236 seconds.  The CO, temperature and visibility all pass the performance criteria at the RSET 
time of 259 s and remains below required levels to the end of the simulation at a time of 600 s. 
 
Figure 34 – FDS Design Fire 1 – RSET vs ASET Summary 
Design Fire 2 
Scenario Overview 
This performance design scenario involves a fire in the main entry area of the building.  
Typically this area is free of flammable material but at certain time of the year there is material 
which could be fuel for a fire in this area.  In this scenario during the two times a year that the 
school does a student book fair a magazine / book rack is on display in the entry area which is 
located directly outside of the library.  For this scenario the magazine / book rack is set on fire 
and causes the two main entry doors and two main stairs to the entry to be unavailable for 
egress. 
0 100 200 300 400 500 600 700
Smoke Layer (236)
ASET Visability 
ASET CO 
ASET Temperature 
RSET (259 s)
Time (seconds)
RSET vs. ASET
Waste Basket Fire
Fire Protection Analysis of a Fresno Elementary School  Page 58 
 
 
 
Figure 35 – Design Fire 2 Location 
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Fire Scenario Description 
This fire is similar to NFPA 101 Design Fire Scenario 2.  NFPA 101 defines this fire scenario as 
follows: 
• (1) It is an ultrafast-developing fire, in the primary means of egress, with interior doors 
open at the start of the fire. 
• (2) It addresses the concern regarding a reduction in the number of available means of 
egress. 
The conditions for this design fire scenario are as follows: 
• Foyer 101, open to second floor above and is the primary entry access to the building. 
• Room serves as main access to the Media Lab / Library. 
• A built in glass bookcase is on the West wall. 
• Normally space is free of free standing display items. 
• Fire Scenario Conditions 
– During the schools book fair a rolling magazine / book rack for display is located 
in the entry in front of the west wall built in glass bookcase. 
The design fire used for this scenario is as follows: 
• Design Fire Data for Magazine / Book Rack holding magazines, newspapers and books. 
– Based on SFPE data from Table 3-1.14 and Figure 3-1.56 
• Rack Size of 1 X 2.2 m 
• Mass of 15 kg 
• Ignition Source, 2 L of gasoline 
• Peak HRR of 3500 kw 
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Figure 36 – Magazine Rack HRR from SFPE Figure 3-1.56  
 
Model Design Fire 
For this design fire the develops very slowly at first and then at around 175 seconds ramps up 
very rapidly at a rate greater than an ultra fast fire ( growth to 1055 kW in 75 seconds).  For this 
fire scenario there were two smoke detectors located in the ceiling space of the room, the first 
activated at a time of 178 seconds after the start of the fire.  The room also has six fire 
sprinklers of which the first fire sprinkler is activated at 230 s.  At this time the fire becomes a 
fire sprinkler controlled fire and the fire growth rate levels off at around 2500 kW and remains 
steady at this HRR for the duration of the scenario as the fuel available is able to sustain this 
HRR for the duration of the scenario.  This fire model was developed by doing an initial model 
run with the fire growing till the first sprinkler activated.  The model fire growth was then 
capped at the time the sprinkler discharge began to cover the fire and the model was re-run 
with the capped HRR.  The HRR is shown below. 
Selected Design Fire 
Curve - 3600 kW  
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Figure 37 – Design Fire 2 HRR Curve 
 
Smoke Detector and Fire Sprinkler Activation 
For this fire the first smoke detector is activated at 230 s.   
The first fire sprinkler is activated at 230 s.   
 
Figure 38 – FDS Output of Device Activation 
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Design Fire 2 RSET 
For design fire 2 the RSET is 560 s or 9.33 min based on the following: 
 
Detection Time  20 s time of first smoke detector activation from FDS model run  
Notification Time   5 s time delay for smoke detector activation to signal 
Pre-Movement Time 30 s assumed time based on occupancy use 
Movement Time            347 s time from hand calculations with all stairs and doors used 
RSET               560 s total required time for safe evacuation 
 
Design Fire 2 ASET Times 
For Design Fire 1 the ASET times for the various performance criteria are as follows: 
The carbon monoxide level at 2 m above the second floor walking surface at the RSET time of 
560 s is well below the 1,400 ppm tenability requirement.   Criteria passes for RSET. 
 
Figure 39 – FDS Design Fire 2 - CO at 560 s RSET  
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The carbon monoxide level at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is well below the 1,400 ppm tenability requirement.    
 
Figure 40 – FDS Design Fire 2 - CO at 600 s   
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The maximum temperature at 2 m above the second floor walking surface at all area is under 
the 60 degree C criteria.  Criteria passes. 
 
Figure 41 – FDS Design Fire 2 - Temperature at 560 s RSET  
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The maximum temperature at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is still below the 60 degree C criteria. 
 
Figure 42 – FDS Design Fire 2 - Temperature at 600 s 
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The minimum visibility at 2 m above the second floor walking surface drops below the 10 m 
criteria at around 235 s.  Criteria fails for RSET. 
 
Figure 43 – FDS Design Fire 2 - Visibility at 235 s as it drops below criteria.  
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The minimum visibility at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is well below the 10 m criteria in a large portion of the second floor 
corridor.   
 
Figure 44 – FDS Design Fire 2 - Visibility at 600 s  
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The smoke layer drops below the 2 m requirement at 210 s as shown in the graph below.  This 
criteria fails for RSET.  (Note: Smoke layer height is taken at a single point in the middle of each 
corridor which results in a sharp drop in the smoke layer height as the smoke layer moves down 
the corridor and hits the measuring point). 
 
Figure 45 – FDS Design Fire 2 – Smoke Layer Height vs Time 
 
Figure 46 – FDS Design Fire 2 – Image Looking North at Sprinkler 
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Design Fire 2 Summary 
This design fire scenario fails the performance criteria for the smoke layer height at a time of 
210 seconds and fails the visibility criteria at 235 seconds both well below the RSET time of 560 
seconds.  The CO and temperature performance criteria pass at the RSET time of 560 s and 
remains below required levels to the end of the simulation at a time of 600 s. 
 
Figure 47 – FDS Design Fire 2 – RSET vs ASET Summary 
 
Design Fire 3 
Scenario Overview 
This performance design scenario involves a fire in the second floor storage room located at the 
West side stairs.  This room is used as a both a janitorial room and a storage room.  In this 
scenario stack of polystyrene foam boards used by teachers is stored in the back of the room 
and is ignited by an electric heater being used by the janitor at his desk which is located in the 
room.  The door to this room is propped open in this scenario as the janitor is coming and going 
from the room as he works. 
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Figure 48 – Design Fire 3 Location 
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Fire Scenario Description 
This fire is similar to NFPA 101 Design Fire Scenario 2.  NFPA 101 defines this fire scenario as 
follows: 
• (1) It is an ultrafast-developing fire, in the primary means of egress, with interior doors 
open at the start of the fire. 
• (2) It addresses the concern regarding a reduction in the number of available means of 
egress. 
The conditions for this design fire scenario are as follows: 
• One of the three primary egress paths for the second floor is located just outside of the 
room. 
• The space is used for storage of various materials. 
• The space is the main janitorial room and has a desk for the janitor to house paper 
work. 
The design fire used for this scenario is as follows: 
• Design Fire Data is based on storage room fire data from SFPE. 
– Based on SFPE data from Figure 3-1.15 
• Metal storage units, aisle with fuel 
• Peak HRR of 1580 kw 
 
Figure 49 – Storage Unit HRR from SFPE Figure 3-1.15  
Selected Design Fire 
Curve - 1580 kW  
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Model Design Fire 
For this design fire the develops very slowly at first and then at around 150 seconds ramps up 
very rapidly at a rate similar to an ultra fast fire ( growth to 1055 kW in 75 seconds).  For this 
fire scenario there is one smoke detector located in the ceiling space of the room which 
activates at a time of 162 seconds after the start of the fire.  The room also has four fire 
sprinklers of which the first fire sprinkler is activated at 202 s.  At this time the fire becomes a 
fire sprinkler controlled fire and the fire growth rate levels off at around 1050 kW and remains 
steady at this HRR for the duration of the scenario as the fuel available is able to sustain this 
HRR for the duration of the scenario.  This fire model was developed by doing an initial model 
run with the fire growing till the first sprinkler activated.  The model fire growth was then 
capped at the time the sprinkler discharge began to cover the fire and the model was re-run 
with the capped HRR.  The HRR is shown below. 
 
Figure 50 – Design Fire 3 HRR Curve 
 
Smoke Detector and Fire Sprinkler Activation 
For this fire the first smoke detector is activated at 162 s.   
The first fire sprinkler is activated at 202 s.   
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Figure 51 – FDS Output of Device Activation 
 
Design Fire 3 RSET 
For design fire 3 the RSET is 453 s or 7.55 min based on the following: 
 
Detection Time  20 s time of first smoke detector activation from FDS model run  
Notification Time   5 s time delay for smoke detector activation to signal 
Pre-Movement Time 30 s assumed time based on occupancy use 
Movement Time            256 s time from hand calculations with all stairs and doors used 
RSET               453 s total required time for safe evacuation 
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Design Fire 3 ASET Times 
For Design Fire 3 the ASET times for the various performance criteria are as follows: 
The carbon monoxide level at 2 m above the second floor walking surface at the RSET time of 
453 s is well below the 1,400 ppm tenability requirement.   Criteria passes for RSET. 
 
Figure 52 – FDS Design Fire 3 - CO at 453 s RSET  
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The carbon monoxide level at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is well below the 1,400 ppm tenability requirement.    
 
Figure 53 – FDS Design Fire 3 - CO at 600 s   
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The maximum temperature at 2 m above the second floor walking surface at all area is under 
the 60 degree C criteria.  Criteria passes. 
 
Figure 54 – FDS Design Fire 3 - Temperature at 453 s RSET  
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The maximum temperature at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is still below the 60 degree C criteria. 
 
Figure 55 – FDS Design Fire 3 - Temperature at 600 s 
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The minimum visibility at 2 m above the second floor walking surface drops below the 10 m 
criteria at around 415 s.  Criteria fails for RSET. 
 
Figure 56 – FDS Design Fire 3 - Visibility at 415 s as it drops below criteria.  
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The minimum visibility at 2 m above the second floor walking surface at the end of the 
simulation run (600 s) is well below the 10 m criteria in a large portion of the second floor 
corridor.   
 
Figure 57 – FDS Design Fire 3 - Visibility at 600 s  
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The smoke layer drops below the 2 m requirement at 358 s as shown in the graph below.  This 
criteria fails for RSET.  (Note: Smoke layer height is taken at a single point in the middle of each 
corridor which results in a sharp drop in the smoke layer height as the smoke layer moves down 
the corridor and hits the measuring point). 
 
Figure 58 – FDS Design Fire 3 – Smoke Layer Height vs Time 
 
Figure 59 – FDS Design Fire 3 Looking North at Sprinkler Activation 
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Design Fire 3 Summary 
This design fire scenario fails the performance criteria for the smoke layer height at a time of 
210 seconds and fails the visibility criteria at 235 seconds both well below the RSET time of 560 
seconds.  The CO and temperature performance criteria pass at the RSET time of 560 s and 
remain below required levels to the end of the simulation at a time of 600 s.  The temperature 
of the room never approached flashover temperature of 500 C.  
 
Figure 60 – FDS Design Fire 3 – RSET vs ASET Summary 
 
 
 
 
 
 
 
 
 
0 100 200 300 400 500 600 700
Smoke Layer (358 s)
ASET Visability (415 s)
ASET CO 
ASET Temperature 
RSET (453 s)
Time (seconds)
RSET vs. ASET
Storage Room Fire
Fire Protection Analysis of a Fresno Elementary School  Page 82 
 
Fire and Life Safety Analysis Recommendations 
The project building was constructed to and complies with the prescriptive requirements of the 
applicable codes at its time of design and plan approval.  Review of the modeled design fires 
show that a fire directly in the main egress corridors or in rooms open to the corridors could 
potentially cause untenable conditions to occur in fire situations.  The egress system is a 
combination of entry way area, corridors and open connected stair ways with the first and 
second floor egress being open to each other.  Due to this design there is a high potential for 
the spread of smoke through the building in a fire scenario.  The open egress areas should be 
left clear of any fuel sources during all times of the year to minimize any potential fires.  
Additionally it is also noted that the corridors on the second floor have dropped ceilings with 
the fire rated walls extending above them acting as a fire rated tunnel when they connect to 
the fire rated tunnel ceiling above the drop ceiling.  These corridors are much lower than the 
man two story entry area of the building which is raised up to the bottom of the roof.  If the 
drop ceiling was raised 2 to 3 feet this would provide an additional storage area for smoke in a 
fire event and extend the time before the smoke layer dropped to occupied spaces thus 
increasing the ASET.  Refer to the Figure 61 below for section showing drop ceiling and rated 
tunnel above. 
 
 
          Figure 61 – Typical Section at Corridor 
Location of Drop 
Ceiling. 
Rated Tunnel is 
above. 
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Randy R. Bruegman 
Fire Chief 
 
 
Bureau of Fire Prevention and Investigative Services 
450 M Street 
Fresno, California 93721-3083 
(559) 621-4000  FAX (559) 498-4323 
www.fresno.gov
 
E-Mail Memorandum 
 
    To:          Frank Sen, PE,  
               Blair, Church and Flynn Consulting Engineers 
 
From:      Byron Beagles, Fire Prevention Engineer 
 
Date:       May 1, 2009 
 
Subject:   Water flow information for FUSD school site bounded by Hamilton, Cedar, Heaton and  
                Tenth Avenues 
                 
The Fresno Fire Department uses water supply modeling for fire hydrant and fire sprinkler hydraulic calculations based 
on the water main infrastructure of the subject project area. The operating parameters of the City of Fresno Water 
Division are well documented and communication and cooperation between the Water and Fire departments is open 
and ongoing.  The City of Fresno Water Division has an ISO Class I rating.   
 
The following information assumes connection to the existing 10” transmission grid main in S. Cedar Ave: 
 
Fresno Fire requires private fire hydrant fire flows of 1500 gpm for buildings with fire sprinklers and 2500 gpm for 
buildings  without fire sprinklers.  We provide the following parameters to design the onsite fire hydrant system: 
1500 gpm:  maximum friction loss from the most remote hydrant shall not exceed 23 psi from the source.  This 
corresponds to a model curve of 50 static,  43  residual, 1500  gpm flow. 
2500 gpm:   maximum  friction  loss allowed is 12 psi (if two or more hydrants, flow may be split between the two most 
remote hydratns) . This corresponds to a model curve of  50 static,  34 residual,  2500 gpm flow. 
 
For purposes of fire sprinkler calculations, a flow curve of 45 static, 35 residual, and a flow of 1800 gpm would be 
required to be used for plans submitted to Fresno Fire. 
 
Why the difference for fire sprinkler vs. hydrants?  Fire sprinkler demand is typically much lower than fire flow and may 
not draw down system pressure enough to activate nearby water well pumps.   The most critical design parameter for 
most fire sprinkler systems is available pressure. 
 
An actual flow test was conducted in June of 2008 by ISO at the corner of Tenth and Woodward, just a few blocks from 
this site.  Results were 54 static, 46 residual, and flow of 1700 gpm.  As this an other flow tests are generally not taken 
at peak demand time of day or year, Fresno Fire would not allow this test to be used for hydraulic design.  When using 
the model curve information above, we do not require a 10% “cushion”. 
 
If you have any further questions, please feel free to contact our office. 
    
    Byron H. Beagles 
Fire Prevention Engineer 
Fire Prevention and Investigation Division 
Fresno Fire Department 
911 "H" Street, Fresno California 93721-3083 
559-621-4112 (office) 559-498-4323 (fax) 
Fire Sprinklers Save Lives  
“To protect and serve and to put service above all else.” 
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Job Name : Second Floor Piping Plan 
Building : MAIN BLDG. - SECOND FLOOR 
Location : HYDRAULIC CALCULATION AREA #1 
System : 1 
Contract : 09-1032.2 
Data File : Second Floor Piping Plan-Area 1 AREA 1.wxf 
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HYDRAULIC CALCULATIONS 
for 
 
 
Project name: CEDAR AND HEATON ELEMENTARY SCHOOL 
Location: HYDRAULIC CALCULATION AREA #1 
Drawing no: MAIN BLDG. - SECOND FLOOR 
Date: 7-5-11 
 
Design 
Remote area number: 1 
Remote area location:  
Occupancy classification: LIGHT HAZARD 
Density: .1 - Gpm/SqFt 
Area of application: 1039 - SqFt 
Coverage per sprinkler: 324 MAX - SqFt 
Type of sprinklers calculated: PENDENT 
No. of sprinklers calculated: 5 
In-rack demand: N/A - GPM 
Hose streams: 100 - GPM 
Total water required (including hose streams): 287.36 - GPM @ 44.46 - Psi 
Type of system: WET 
Volume of dry or preaction system: N/A - Gal 
 
Water supply information 
Date: 5-1-09 
Location: CEDAR AND HEATON 
Source: BYRON BEAGLES, CITY OF FRESNO FIRE DEPARTMENT 
 
Name of contractor:  
Address:  
Phone number:  
Name of designer:
Authority having jurisdiction: DSA 
Notes: (Include peaking information or gridded systems here.)  
 
 
 
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
                                                                                                                                                                                                                                          Page 2 
Second Floor Piping Plan Date  
 
10
20
30
40
E 50
R 60
U 70
S 80
S 90
E 100
R 110
P 120
130
140
150
200 400 600 800 1000 1200 1400 1600 1800
FLOW ( N ^ 1.85 )
City Water Supply: Demand:
C1
C2
10 Percent Under
C1 - Static Pressure : 45 
C2 - Residual Pressure: 35 
C2 - Residual Flow : 1800 
D1 - Elevation :  11.694 
D2 - System Flow : 175.89 
D2 - System Pressure :  37.987 
Hose ( Demand ) : 100 
D3 - System Demand : 275.89 
Safety Margin :   6.702 
D1
D2
D3
Water Supply Curve C
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Fitting Legend 
Abbrev. Name ½ ¾ 1 1¼ 1½ 2 2½ 3 3½ 4 5 6 8 10 12 14 16 18 20 24 
C Roll Groove Coupling 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
 
E NFPA 13 90' Standard Elbow 1 2 2 3 4 5 6 7 8 10 12 14 18 22 27 35 40 45 50 61
 
F NFPA 13 45' Elbow 1 1 1 1 2 2 3 3 3 4 5 7 9 11 13 17 19 21 24 28
 
G NFPA 13 Gate Valve 0 0 0 0 0 1 1 1 1 2 2 3 4 5 6 7 8 10 11 13
 
T NFPA 13 90' Flow thru Tee 3 4 5 6 8 10 12 15 17 20 25 30 35 50 60 71 81 91 101 121
 
 
 
 
 
 
Units Summary 
 
Diameter Units Inches 
Length Units Feet 
Flow Units US Gallons per Minute 
Pressure Units Pounds per Square Inch 
 
 
Note: Fitting Legend provides equivalent pipe lengths for fittings types of various diameters. 
Equivalent lengths shown are standard for actual diameters of Sched 40 pipe and CFactors 
of 120 except as noted with *.  The fittings marked with a * show equivalent lengths values 
supplied by manufacturers based on specific pipe diameters and CFactors and they require no 
adjustment.  All values for fittings not marked with a * will be adjusted in the calculation 
for CFactors of other than 120 and diameters other than Sched 40 per NFPA. 
Fittings Used Summary
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Node Elevation K-Fact Pt Pn Flow Density Area Press 
No. Actual Actual Req. 
104 27.0 11.2 9.03   na  33.66 0.1 324 8.7 
2 28.0 12.77   na   
3 28.0 13.7   na   
4A 28.0 14.93   na   
4 28.0 18.18   na   
5 28.0 18.23   na   
TOR 0.0 32.96   na   
BOR -3.0 34.48   na   
D 0.0 34.64   na  100.0  
SRCA 0.0 37.99   na   
102 27.0 11.2 8.7   na  33.04 0.1 324 8.7 
8 28.0 12.55   na   
203 27.0 11.2 9.32   na  34.18 0.1 324 8.7 
101 27.0 11.2 12.05   na  38.88 0.1 324 8.7 
13 28.0 14.73   na   
11 0.0 27.15   na   
14 28.0 15.64   na   
5A 28.0 16.35   na   
103 27.0 11.2 10.41   na  36.13 0.1 324 8.7 
The maximum velocity is 14.43 and it occurs in the pipe between nodes 101 and 13
Pressure / Flow Summary - STANDARD
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Hyd. Qa Dia. Fitting Pipe Pt Pt 
Ref. "C" or Ftng's Pe Pv ******* Notes ****** 
Point Qt Pf/Ft Eqv. Ln. Total Pf Pn 
 
*REMOTE HEAD TO SUPPLY 
104    33.66 1.097 2E 4.974    4.000   9.033 K Factor = 11.20 
to 120.0 1T 6.217   11.191  -0.433  
2 33.66 0.2742 0.0   15.191   4.166 Vel =  11.43 
2    33.04 2.067 1T 10.0   11.080  12.766  
to 120.0 0.0   10.000 0.0  
3 66.7 0.0444 0.0   21.080   0.936 Vel =   6.38 
3    34.18 2.067 0.0   12.860  13.702  
to 120.0 0.0 0.0 0.0  
4A 100.88 0.0955 0.0   12.860   1.228 Vel =   9.65 
4A 0.0 2.067 1T 10.0   24.000  14.930  
to 120.0 0.0   10.000 0.0  
4 100.88 0.0955 0.0   34.000   3.247 Vel =   9.65 
4 0.0 4.26 0.0   18.000  18.177  
to 120.0 0.0 0.0 0.0  
5 100.88 0.0028 0.0   18.000   0.051 Vel =   2.27 
5    75.01 4.26 1T 26.334  277.330  18.228  
to 120.0 2E 26.334   52.668  12.127  
TOR 175.89 0.0079 0.0  329.998   2.604 Vel =   3.96 
TOR 0.0 4.26 1C 1.317   27.000  32.959  
to 120.0 0.0    1.317   1.299  
BOR 175.89 0.0079 0.0   28.317   0.223 Vel =   3.96 
BOR 0.0 4.07 3E 47.796  140.000  34.481  
to 150.0 1G 3.186   82.846  -1.299  
D 175.89 0.0065 1T 31.864  222.846   1.453 Vel =   4.34 
D   100.00 9.42 1E 24.61 1260.000  34.635 Qa = 100 
to 150.0 4F 49.22  135.353   3.000 * * Fixed Loss = 3 
SRCA 275.89 0.0003 1G 5.593 1395.353   0.352 Vel =   1.27 
1T 55.931 
0.0  
  275.89  37.987 K Factor =  44.76 
*NEW PATH 
102    33.04 1.049 2E 4.0    4.000   8.700 K Factor = 11.20 
to 120.0 1T 5.0    9.000  -0.433  
8 33.04 0.3293 0.0   13.000   4.281 Vel =  12.27 
8 0.0 2.067 0.0   18.000  12.548  
to 120.0 0.0 0.0 0.0  
2 33.04 0.0121 0.0   18.000   0.218 Vel =   3.16 
0.0  
   33.04  12.766 K Factor =   9.25 
*NEW PATH 
203    34.18 1.049 2E 4.0    4.740   9.315 K Factor = 11.20 
to 120.0 1T 5.0    9.000  -0.433  
3 34.18 0.3508 0.0   13.740   4.820 Vel =  12.69 
0.0  
   34.18  13.702 K Factor =   9.23 
*NEW PATH 
101    38.88 1.049 3E 6.0    1.000  12.050 K Factor = 11.20 
to 120.0 0.0    6.000  -0.433  
13 38.88 0.4450 0.0    7.000   3.115 Vel =  14.43 
Final Calculations - Hazen-Williams - 2007
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Hyd. Qa Dia. Fitting Pipe Pt Pt 
Ref. "C" or Ftng's Pe Pv ******* Notes ****** 
Point Qt Pf/Ft Eqv. Ln. Total Pf Pn 
 
13 0.0 2.067 0.0   18.000  14.732  
to 120.0 0.0 0.0  12.127  
11 38.88 0.0163 0.0   18.000   0.294 Vel =   3.72 
11    36.13 2.067 0.0   11.080  27.153  
to 120.0 0.0 0.0 -12.127  
14 75.01 0.0552 0.0   11.080   0.612 Vel =   7.17 
14 0.0 2.067 0.0   12.920  15.638  
to 120.0 0.0 0.0 0.0  
5A 75.01 0.0552 0.0   12.920   0.713 Vel =   7.17 
5A 0.0 2.067 1T 10.0   24.000  16.351  
to 120.0 0.0   10.000 0.0  
5 75.01 0.0552 0.0   34.000   1.877 Vel =   7.17 
0.0  
   75.01  18.228 K Factor =  17.57 
*NEW PATH 
103    36.13 1.049 2E 4.0    4.000  10.407 K Factor = 11.20 
to 120.0 1T 5.0    9.000  11.694  
11 36.13 0.3886 0.0   13.000   5.052 Vel =  13.41 
0.0  
   36.13  27.153 K Factor =   6.93 
Final Calculations - Hazen-Williams
Computer Programs by Hydratec Inc.   Route 111    Windham N.H. USA  03087
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APPENDIX I: FIRE SPRINKLER CUT SHEETS 
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APPENDIX J: FIRE EVACUATION AND SAFETY PLAN 
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Fire Evacuation and Fire Safety Plans 
Fire Evacuation Plan 
The fire evacuation plan for this elementary school shall comply with the requirements of the 
2012 International Fire Code, Section 404.3.1 Fire Evacuation Plans and the district 
requirements.  The school principal is in charge of the overall plan and implementation of the 
plan at the campus.  The fire evacuation plan shall contain the following: 
1. During a fire event the building shall be completely evacuated upon activation of fire 
alarm system.  Evacuation shall be by use of emergency egress or escape routes.  The 
plans and routes shall clearly be posted in the main corridors, classrooms, multi-use, 
administration office and other areas as noted by the fire code.  Occupants shall 
evacuate to predefined assembly points outside of the building.  Teachers are 
responsible for students in their charge and shall direct evacuation of students in there 
charge to pre determined assembly areas. 
2. No equipment in the building is deemed critical where it needs to remain in operation 
during evacuation. 
3. Staff as pre directed by the school district fire safety coordinator shall follow district 
procedures for the evacuation of any employees or students unable to use general 
means of egress. 
4. After evacuation administered staff and teaching staff shall follow the district 
procedures for accounting for accounting for students and staff after evacuation has 
been completed.  Principal shall be in overall charge and teachers shall account for their 
classes.  Teachers shall immediately report any missing students in there charge to the 
principal or there designee. 
5. Identification and assignment of personnel responsible for rescue or emergency medical 
aid shall be pre determined by the district fire safety coordinator.  Per district standards 
the school nurse will administer first aid, supervise the administration of first aid and 
organize first aid and medical supplies.  Teachers shall send students in need of first aid 
to the nurse or make nurse aware of need for aid. 
6. Notification of a fire or emergency event shall be by the activation of the fire alarm 
system.  If the fire alarm system fails a manual bell will be used for signals. 
7. Fire and emergency events shall be monitored by the central station service.  The central 
service shall notify emergency services as required. 
8. The school district office shall maintain a full current contact and assignment list for the 
site and for administration of the district standards.  Contact information shall be readily 
available in the campus administration office of the school and at the district office.  The 
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site principal shall be the main contact for information regarding the fire evacuation plan 
for the site. 
9. Emergency alarm communication system description and instructions shall be provided 
to all staff and shall be readily available in the campus administration office.  Instructions 
and on alarm codes shall be clearly posted as required by the fire code. 
 
Fire Evacuation Drills 
The fire evacuation drills for this elementary school shall comply with the requirements of the 
2012 International Fire Code, Section 405 Fire Evacuation Drills and the district requirements.  
The school principal is in charge of coordination of the drills and compliance with the code.  
Drills will occur monthly for all occupants per the provisions of the International Fire Code 
section 405.2.  The leadership of the drills and the time of the drills shall be per sections 405.3 
and 405.4.  Recoded keeping of the drills shall be per section 405.5 and shall include the 
following minimum information: 
1. Identity of the person conducting the drill. 
2. Date and time of the drill. 
3. Notification method used. 
4. Staff members on duty and participating. 
5. Number of occupants evacuated. 
6. Special conditions simulated. 
7. Problems encountered. 
Notification of drills shall be given to the local responding fire department prior to running of 
the drill. 
The drill will begin with the activation of the fire alarm system. 
Building occupants shall be accounted for as they arrive at the assembly points. 
A separate and distinct signal from the alarm drill shall be used to recall occupants after the 
evacuation. 
Fire Safety Plan 
The fire safety plan for this elementary school shall comply with the requirements of the 2012 
International Fire Code, Section 404.3.2 Fire Safety Plans and the district requirements.  The 
school principal is in charge of the overall plan and implementation of the plan at the campus.  
The fire safety plan shall contain the following: 
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1. The procedure for reporting a fire.  The procedure shall be as defined by the district fire 
safety coordinator and the site principal. 
2. A life safety strategy and procedures for notifying, relocating or evacuating occupants, 
including occupants who need assistance shall be implemented by the site principal and 
shall be approved by the district fire safety coordinator. 
3. Site plans shall be included which show occupancy points, locations of fire hydrants and 
the show the normal routes of the fire department vehicle access. 
4. Floor plans shall include exits, primary evacuations routes, secondary evacuation routes, 
accessible egress routes, areas of refuge, exterior areas for assisted rescue, manual fire 
alarm boxes, portable fire extinguishers, occupant-use hose stations and fire alarm 
annunciations and controls. 
5. A list of any major fire hazards associated with normal use and occupancy of the 
premises shall be kept.  A list of maintenance and housekeeping procedures shall be 
kept. 
6. The plan shall identify personnel responsible for the maintenance of systems and 
equipment installed to prevent or control fire. 
7. The plan shall identify personnel responsible for the maintenance, housekeeping and 
controlling of fuel hazard sources. 
Employee Training 
Employees shall be trained in the fire emergency procedures as described in the fire evacuation 
plan and the fire safety plan.  Employees shall be trained upon being hired and shall receive 
training annually thereafter.  Records shall be maintained and shall be made available to the 
fire code official if requested.  Employee training shall follow the guidelines of the International 
Fire Code section 406.3 and shall include fire prevention training and evacuation training. 
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APPENDIX K: FIRE SPRINKLER INSPECTION, TESTING AND 
MAINTENANCE REQUIREMENTS 
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Fire Sprinkler Inspection, Testing and Maintenance 
Requirements 
System maintenance and inspections are the responsibility of the school district.  General 
observations by the district maintenance staff are done as they perform routine maintenance 
on the site, but a service contract with a sprinkler contractor is in place to perform routine 
maintenance and testing.  Routine inspections, maintenance and test that are done quarterly 
and annually are by the sprinkler contractor.  Any weekly or monthly observations and tests are 
done by the district staff.  All inspection, testing and maintenance should be done according to 
the guidelines of NFPA 25.  Additionally any time the building or spaces are modified the 
maintenance staff or design team doing the work should schedule or provide additional 
inspection and testing for modified areas.   
 
Additional Requirements and Frequency data should follow NFPA 25 
Table 5.1.1.2, Table 6.1.1.2 and Table 13.1.1.2. 
 
Sprinkler 
Components 
Standard Care and Maintenance Requirements 
  
City Water Main  Maintained by city.  Water should be available at all times. 
Visual review of connection should be done as part of quarterly testing by the 
contractor performing the maintenance contract. 
Above Ground 
Piping/Supports 
The above ground 
piping includes the 
riser, the feed main, 
cross mains and 
branch lines. 
Annual inspection should be done by the contractor performing the 
maintenance contract.  This inspection should cover the review of piping and 
supports to verify that no hangers are loose or that objects are not being 
hung from any exposed piping. 
Additional inspections should be done any time occupancy changes or 
modifications to the building are done. 
Fire Protection Analysis of a Fresno Elementary School   
 
Control Valves and 
Gauges 
Includes check 
valves, backflow 
preventer and drain 
and test valves. 
Valves should all be kept readily accessible and unobstructed so that they can 
be operated promptly and examined to see that they are open and in good 
operative condition, turn easily and do not leak. 
The post indicator valve outside the building by the riser should be open at 
all times.  Periodic inspection is done by the local fire department.  District 
staff should visually inspect monthly. 
 
Quarterly inspection and testing should be part of the quarterly testing by 
the contractor performing the maintenance contract.  These quarterly 
inspections and tests should be timed to include the spring and fall tests 
noted below. 
A spring inspection should be done after low temperatures have passed.  This 
should include a flow test and review of valve operation. 
A fall inspection should be conducted of the building envelope to ensure that 
cold air will not enter to expose the sprinkler system to freezing. 
Additional inspections should be done any time occupancy changes or 
modifications to the building are done. 
Water Flow Alarm, 
supervisory  and 
tamper Switches 
Devices 
District staff should visually inspect monthly. 
Water flow alarm devices, supervisory signals should be tested as part of the 
quarterly testing by the contractor performing the maintenance contract. 
A spring inspection should be done after low temperatures have passed.  This 
should include a flow test and review of alarm and tamper switch operation.  
This should be done as part of one of the scheduled quarterly visits by the 
contractor performing the service contract. 
 
Standpipe and Hose 
System 
 
 
Inspection of the gauges should be done weekly by district staff. 
Annually inspection and testing should be done by the contractor performing 
the maintenance contract. 
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Signs 
 
 
 
 
Sign information should be inspected annually by the contractor performing 
the maintenance contract.   
Additional inspections should be done any time occupancy changes or 
modifications to the building are done. 
Sprinklers The sprinklers installed in the building are fast-response type and should be 
tested at 20 years and then every 10 years after.  When tested 1 percent of 
the sprinklers should be tested. 
 
Annually inspection of the following items should be done by the contractor 
performing the maintenance contract. 
Annual sprinkler inspections should review the following items. 
1. Observe and note absence of sprinklers from any rooms. 
2. Observe location of sprinklers.  Are they under shelves, benches racks or 
platforms. 
3. Do they have proper clearance.  Are they obstructed. 
4. Deflector distance should conform to NFPA 13. 
5. The sprinkler installation should be reviewed.  The rating, type and 
condition of the sprinklers should be reviewed.  Sprinklers should be 
reviewed for corrosion, paint coatings and deposits. 
Additional inspections should be done any time occupancy changes or 
modifications to the building are done. 
  
 
 
 
 
